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[Title of the Invention] OBJECT FOR STORING OPTICAL DATA AND 
RECORDER FOR IT AND DEVICE FOR RECORDING AND 
REPRODUCING IT 

(Page 2, right column, line 50 - page 3, right column, line 24) 
[0010] 

[Means for solving problem] 

An optical recording apparatus of the present invention has a 
three-dimensional structure for writing/reading data on a recording material 
in a three-dimensional direction, i.e., in inplane and depth directions, of the 
recording material. The optical recording apparatus includes the following: 
a recording material whose refractive index changes with incident light 
intensity! an optical system for focusing a laser beam on a tiny region in the 
recording material; a confocal optical system for detecting a region in the 
recording material where the refractive index changes; and a means for 
performing three-dimensional scanning in the recording material. 
[0011] 

[Function] 

According to the present invention, data are recorded 
three -dimensionally on a thick recording material point by point, and the 
data are read with a confocal optical system. 
[0012] 

As the recording material for data, a photosensitive material whose 
refractive index changes with light intensity can be used, e.g., 
photorefractive crystals, photopolymer, dichromate gelatin, and silver salt 
film. When a laser beam is focused into such a recording material, the 
refractive index changes greatly at the focusing position. In the portion 
other than the focusing point, the light intensity is smaller than that in the 
focusing position. Therefore, the refractive index change is small and can 
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be neglected. Data are recorded three 'dimensionally on the recording 
material point by point with laser scanning or three-dimensional scanning. 
[0013] 

An optical recording method of the present invention can provide a 
recording density of 1 x 10 12 bit/cm 3 when data are written, e.g., with a 500 
nm laser beam and the refractive index changes in a region of not more 
thanl mm 3 around the focusing spot. A higher recording density can be 
obtained by using a laser beam having a shorter wavelength, an objective 
lens having a higher numerical aperture, and a recording material that is 
exposed nonlinearly to the laser beam intensity so as to reduce the region 
where the refractive index changes. 
[0014] 

When rewritable photorefractive crystals, such as LiNbOa, BaTiOa, 
SBN, and Bil2SiC>20, are used as the recording material, the apparatus can 
function as a RAM (random access memory) and a ROM (read only memory). 
When materials that cannot be rewritten, such as photopolymer and 
dichromate gelatin, are used as the recording material, the apparatus can be 
used only as a ROM. 
[0015] 

A reflection-type confocal optical system is used to read data written 
on a three-dimensional optical recording apparatus. The reflection-type 
confocal optical system has resolving power determined by 
diffraction-limited in the inplane direction and also has high resolving power 
in the depth direction (i.e., the direction of an optical axis). 
[0016] 

In a reading optical system of the present invention, a point detector 
is used as a detector, and both a light source and the point detector are 
located at an image-forming (focal) position of the objective lens, thus 
constituting the reflection-type confocal optical system. Light emitted from 
the point light source is focused on the recording material that is placed on a 
focal plane through the objective lens. Light reflected from the region in the 
recording material where the refractive index changes passes through the 
objective lens again and forms a point image on the detector. As described 
above, both the point light source and the point detector are arranged at the 
focal position of the objective lens. Therefore, among data that are recorded 
three-dimensionally in the recording material, light reflected due to the 
refractive index change in a region corresponding to the focal position of the 
objective lens reaches the point detector. However, light reflected from a 
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region out of the focal positions of the light source and the detector where the 
refractive index changes does not form an image on the detector, but provides 
blurred circular intensity distribution instead. The point detector detects 
only the amount of light at one point of this blurred image. Accordingly, the 
contrast of an image that corresponds to the refractive index change at the 
position out of the focal plane becomes extremely low. In other words, the 
de focus image is not blurred, but disappears. Therefore, by using the 
reflection-type confocal optical system, data (the refractive index change) 
that are recorded three-dimensionally in the recording material can be read 
without causing interference to other data. To read another data, the 
recording material is scanned relative to a laser beam. 
[0017] 

A point detector having no spatial resolution is used for reading data 
by the confocal optical system. This can eliminate all problems of coherent 
noise in using a light source with high spatial coherence. The coherent 
noise results, e.g., from interference fringes on a ring that depend upon the 
structure of the recording material close to the focal position and dust or 
speckle patterns caused by the nonuniform material surface and dust 
attached to the optical components such as a lens. In other words, data 
having a high SN ratio can be read without being affected by the coherent 
noise. 
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PURPOSE: To record data with a high density and with a 
large capacity by recording the data in a thick 
recording material three-dimensionally one point by one 
point and reading it using a confocal optical system. 

CONSTITUTION: At a writing time, a laser beam is 
converged on the recording material using a LiNb03 
crystal with a large refractive index through an 
objective lens, and by a photorefractive effect, a 
change in the refractive index is generated only in the 
vicinity of the converged point of the laser in 
proportion to the differential value of the distribution 
of light intensity, and the data is recorded in the 
crystal. At this time, the data is recorded one point by 
one point while performing three-dimensional scan by 
moving the recording material in triaxial directions. At 
a reading time, the laser with a wavelength occurring no 
photorefractive effect of the LiNb03 crystal or the 
laser beam with weak intensity is converged on a part 
generating the change of the refractive index in the 
recording material 5 through the objective lens 3, and 
the reflected beam is detected by a point detector 7 
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ffiiaia»*f»rt«>»/J^««^ w— if— tr- a Sr*3fe-r 
t t jKtt fc at tr > * -^ * mi a* t *t» ^ 

#¥ttE«#ffiXtJ<EttBS1t. 
[0 0 0 1] 

ii **5 ± tWBE*m t©-C*8 E«*«fe*5 ± t*E«Kfi 

[0 0 0 2] 

^E*««-CB:-*t«±OE«k**S:** <t5rt 

^o-r, ±o*#4**o**»E«afi«Sr*3li"afc 
tt, EftilE* (?f4*9) Offi«Sr*:*< L*»ixtf* 

[0 0 0 3] jfe*WE«K«^E»ME# (^r**) o 
ESS:;A:#<-t-5:: kfc<. J;9*#fcE»#*«:SI» 

M (#1**1*1) KfcEftU 3 lfc5c»JtS:«ro3t*«JE 

[0 0 0 4] 3»C7C*#»E1iE3Sltfc U*n^7 7>f 

d'Auria, J. P. Huignard, C. Slezak, and E. Spitz: 
Appl. Opt. Vol. 13, 808-818, 1974; P. J. van Heer 

den: Appl. Opt. Vol. 2, 393-400, 1963; Di Chen and 
J. D. Zook: Proc. IEEE Vol. 63, 1207-1230, 197 

5) 0 ^nb<DjjmL 2 2fc5G7 f -* mm &m&<v& 



(2) $?ffl¥-6 -2 8 6 7 2 

2 

[0005] *u^:7>r— SrJH^-C7*— ^£rE^i-£> 
2 &7c-r-* &tt*«-T*:«>fcB\ *fiEfltf-*BRK:# 

&V^(L. d'Auria, J. P. Huignard, C. Slezak, andE. 
Spitz: Appl. Opt. Vol. 13, 808-818, 1974) G ^(Otc 
«>. *fiE«o*fifl[SriBi<i-*r E»S 

(Ditto** j*frb<o a , * - b 

[0 0 0 6] E®i*i--^fof-^ Sr*#iZs^ 3 #c 
7C?t^Eti^«tV^<0^ti^$ttTV>5(D. A. Par 
thenopoulos and P. M. Rentzepis: Science Vol. 245, 
843-844, 1989; S. Hunteer, F. Kiamilev, S. Esene 
20 r, D. A. Parthenopoulos, and P. M. Rentzepis: App 
1. Opt. Vol. 29, 2058-2066, 1990; J. H. Stricklera 
nd W. W. Webb: Opt. Lett. Vol. 16, 1780-1782, 199 
Do 

[0007] ~tibn, r.*?-»iRa«*as*©2ii»cjt 

If— *Sr«3ti-So — *^aJRtt*3ME^>2J|tfcJt«L 
TtC50t\ u— if— 3t3*acO*#4*S^#i£^<0*. 

30 or, i^— o^AftiEo*"c*y^— 

{-^3ELT, r-^ & 3 ftSSS^-^f offiftt 5o ^ 

[0 0 0 8] -*?-laIRS:fflv^fcJt*«JE1*»«^tt^ 
y*— ?<D^&^^Mtti£)<D/<^*^— If— ^ffi&K^C 

fc^oT, 3tt**fpl^E«««Sr±rr5rittHIK-ca> 
[0 0 0 9] 

S> *S*^3ft^«it*»o3t*WE«kK«4*:r±E 
3 r 1 15 0 
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E«WWrt^3&^*«&m^5*K:&# 
o*£#tgk^5 0 
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[0 0 12] f^^OlESH-Wl-^ 7thy77^r 

r«k* **ttil-cJBJfr*a J **<«ft:-*"S- 

■T5^*^:ttia»«-»Sr3ft7£W^3feaEUr, — /K— A 20 

[0 0 13] *»W©**»E«*fttB, M*.tf500 

JBW**^***^*^ K£>JHi21miii3 0$SH"C4feC* 
tt5t, 1x1012 bit/cm3 (OlEifS^i fcix5 0 «t 
•9 JUMftfto i/ — if — 3feSrffl^ N 5 - t ^iSS^BB n$:0# 
ttu^XSrffiffl-rsr. k, 1f— #3**te#LT#« 

8r/>S < -T5 r. k *4f i D , S blci^EftttKasfll 

ttl6 0 30 
[0 0 14] EISMffi-k LTLiNb03, BaTi03, SBN, Bil 
2S1020 f£t£(Dm%®:X-'*\ifcft7* Y y y^fT^^tfe 

ftSrfliv^fclfr&fcB:, 7y^r^t^^^ey (ram)*5 
it> # y — K^-vy— >^ey — (rom) tbxo^fflSr^fc 

>&k\ «#^ft^^x•#*v^W3|s^S^E«t^^|sf^-fflv^/c4i 

y — k^">^ y * — ^ y — (rom) k ltco^j/b 

[0 0 15] 3ft5c**ttE«3S«^»#5i*iX*:^- 

**t#*IrI (5ttt*f^) fcfc»^#*¥te3:«r 

[0 0 16] *«WO«E*ajU**3Rrtt, tftlHSfc* 
*a«Srfflv\ *«k*tftttJ#Srfct>^E»»^^X(0 

^ffi±te*3^ix*:E»«"1s|.±»-*3ti"5o WW^ffitfr 
yX&i?, *ffl»±^jftftSrte-s: 0 £%Hk AflfcHJl 50 
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« 0 0^19, 7 f -f7t^^«ttW50t?tt4<, ?B 

WS-rt^stfCTcWi-EftStt^-^ OMrMEflS) £ 

Of— ^SrR**ri-fcH:, E»*t», JfeSi^ttu-lf— 

[0 0 17] M Wi^r-^^ttl Ltll SSBB 

3S< OEftWJH-ofllig^^^ Mcttff-f"* y y^iOf 
8MB. *t»ffi©^*&W $ * ft: U >-X/^ J*tf>3te¥»ift 

[0 0 18] 

[HJSCTl *«K^r- ^#^ii^co3IJfe0«JS:^iEI(c 
^•To romn — if* — l n a®^3, 

[0 0 l 9] JtaSfcCtu— if— lSrffil^o If— 1 
7^f^f7'ISit LTLiNbO3^f 0 5SrfflV^^> o LiNb03|g 

ft 5 -era, 7thy77^r>f»J:ot, %<d*& 

±oT, UNbO3lS B B 0 5^iR^§rAtt-r^k, *tt_hco 

r% teft<ojBW*a^tti^o3^oi*^it«"r*o 

5c r^BJf^ftf-ioTr — ^Sr«gSrt^E*»-T5 
rk^-e#s 0 LiNbo3 ^f 0 5§r, 3tt*rftj^ftpTfiB 

— ^— jfef— ^SrEft-f-So — fiSx-^ (o*fctti) 

SrE«S-ra^tt, i/-Y5/^-13&MU, LiNb03 

*g B B B5^^it-r5^-if-*^*J»L. ie*rtwi*f 
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[0020] m2mKv T — ?com$&&<ottL<vMifcm%: 

0|B»Srfif*5o £G>#**Hu If -36* l * #y 
^T>^ 7—8, ^WV ^ 7—9, »«Jl/yX3, LiNb 
03 ^5, z (**rtl«-3fe3l£"5r*Bft^y— 0, 
oyi/-l/yXll, ->-v s/* — 1 3 t£j:oTl#/5££tL 

^/WV^7-9t(c ( ]:ot, ^,&ffift (x-y ffirt) £r 

S 7 — 8 S:»4»v>X3<aiKSEKKfiU 7—8 , 

jfeStt, z Wl^rtte^ftprtB*^-^— v^l 0±KLiNb03 

U =T><* 8 t^f;WV S 7 — 9("ioT tf — ^tI 

ofc*^*?*-^ loo#5 =f>^9 — SrJflv^S* 20 

[0 0 2 l]^3 HI-, *389JG>R*ffl Lft*»o3»fc 
«Sr*-r o ro#¥5Rtt* U— If — 2 , hf-i^Xy^/ 
^ — 6 N ^VyX3, ^— ^(O|2^£;ftfcLiNb03^tfB 

(v— If-) 2 4:»UJ*7H:*Jc % »ii/yX3(Dl^ 

[0 0 2 2] K*ttJL«0*a»-H:, SE»x— 
L&^«fc 5*^ LiNb03 Ufi5 07^- h!J77^T^^ 

©»#ii*fcB*ftOU— If— ftfflv>5 |E« 
7*— *£fifc«Lft^<fc SI-, l^— If— #»S«r+#'h£ 

[0 0 2 3] !f-2 36»&0*«:JB#f*»t!fl s *CX 
tB-T6 0 « 2 jS« tBS 7 1/ 3 <DlMf 
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[0 0 2 4] ^4 Hfc*«Wtf>^- #R*ttl L(OttL<om 

^— *<DR*fflbfcf^fc5. r. if— 

2, tf?y 7-8, ^fyw/V ^7 — 9, a^u^X 

3, 7*— ^<D|E«Six^:LiNb03tel&5, z tt*|pJ{^«J 
"^Tlg^X— iPl 0, tf— A^/D s/^ — 6, 

7. ^soywi/yX ii, fefti/yX^icio 
to^fc^co^SBrt (x-y art) ojfesra. sKy^v^ 

7— 8 bUfr'*/ ^ 7— 9^ J: DfT4V\ ftttl^ftCD^ 
*tt, z W*l*II^3fe3lEpriB*^y— ■ ^1 0±iCLiNb03 
UFA 5 SrcOiJrT, S?*r*3lEL-C*?fc 5. tf-A^ 

5 r tic J: 5, itigtc^— *o*»Hi LSrfffc 
5rt^t^5 0 f— A0^3t^, #;wv$5- fc^f 
;Wn7^7-^*1^W^ -ocD3Ky =f>^7 — 
£:/Bi^5:*ri2;> Xf/w^y ^7 — *>L<te#y drv^7 — 

[0 0 2 5] 

[ElcSOffl^^IftP^] 

[Ell] *H5?(-fclt5r- ^##ii*^IHfc«Sr*i- 

#5i*(^teoiiJK0ijS:^-rKWia-e*>5o 

[EI 3] **Wfc*ft5^^BE*fflUO*lfc«Sr*'t" 
[04] *«****Srfflv^**M^*5*tS^^« 

1 tf- 

2 ^tauffl^-if'- 

3 ^w^x 

4 3$4^X — 

6 tf— ^;*7 o y 5/^ — 
s 4< y =f>-^ 7— 

9 ^WsV ^ 7 — 

10 z Itt^-r— 

11 y u— u^X 
1 2 m&^i/X 
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[aS**3] b!J 

[it** 4] 3t2St b-crow— Ifi, 

A*t^t5S« »c ± o -cffiSf m&ikzik czffiizm £ ©« 

3£g= 

[W**6] «tLTOl/-ft, 
ASt3t3S« i o TJBW**SflS CZmfem £ ©*3t 

5 * » c m v ^ s x — * i? 3= m <o \y — if t , 

r. co v— if WM%<r>W.^%^ (f & ZtVo 

LX<DU— if t*ffl$tv-5 WIB^I^^XttW 
IE*3tl^X£5W:ffl£*vr, MIBV— If©****"*"* 

SrJ^fiR-t- 5 it ** 6 EttOJt^ttx— 



[0 0 0 1] 

[aj*±<ofijffl^»] jt^ftT*— ^EtiflEafe 

t^AtSlDtmofflftf-^ 3 
[00 0 2] 

[^ofife$S, *5j;t>*^oFyig.£] j£^<£>=*^t°^-— ^ 

[0003] 3t*«jlE«8«©!E««flE (x^^-i^) © 

i-Slctt, x — ^^2^jcqzBl^fc(fr^< , &?t%Jj 
(6) (3ttt*|6]) l-t>IB»U 3^7cfltitSr^o3t^6<j|B 

[0 0 0 4] 3*5E#*£8)fElftttlKi: U*c^77-f 

d'Auria, J. P. Huignard, C. Slezak, and E. Spitz: 
Appl. Opt. Vol. 13, 808-818, 1974; P. J. van Heer 

den. Appl. Opt. Vol. 2, 393-400, 1963; Dl Chen and 
J. D. Zook: Proc. IEEE Vol. 63, 1207-1230, 197 

5). ztibvjjm*. z^jtrr—f mm.) ?rff^cos> 

[0 0 0 5] *n^77-{- SrfflV^T-x — ^SrSa»-f-* 
t!c©2^7c7 :J — ^©5*>, ^oxh-;*U-lftfo 

&V>(L. d'Auria, J. P. Huignard, C. Slezak, andE. 
Spitz: Appl. Opt. Vol. 13, 808-818, 1974)„ ^(Dti 

©fc»*p^7A^5)C0S4ftl-tt, ^a5p°p(-{i-*L 
fc K r *» * ^ JcjEH-f S y ^ 'Mfc*3 J: T>* y ^ ^*^© 
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[0 0 0 6] ffi®iSE#:{c— ^-To^— ^Sr*#iitf 3»c 
7c3fe^Ktg§SSt>^<O^JilS^ttTV^(D. A. Par 
thenopoulos and P. M. Rentzepis: Science Vol. 245, 

843-844, 1989; S. Hunteer, F. Kiamilev, S. Esene 
r, D. A. Par thenopoulos, and P. M. Rentzepis: App 
1. Opt. Vol. 29, 2058-2066, 1990; J. H. Stricklera 
nd W. W. Webb: Opt. Lett. Vol. 16, 1780-1782, 199 
Do 

[0007] ztihn, n #*»Jfca*#»*<B 2 
or, u-if-<o*3tjS#is^*^*y^-^«3fia s * 

[0 0 0 8] z:3fe^!»JfcSrfflv^*:Jfe^Wlaii8^■•CH:, 
^(7>*#ii*«P*ciiSU*o^/^u— if— *SiK*Jf-c 

iifEO" 7^-85 lR (two-photon absorption) £ 

4$ 3£ O » If # 2 fli <D ft^y- £ 1^1 B# PJ£ i|X *r a £: V ^ , 

MxJi If— tf— ASr-tix-Pixfflv^TlBJtttJl**^ 

cd if — tf — a i/ ^T^^*^t^^>3t5SSt^jS;-r 

tcfi, ffife-ciStti^^v^^i/— if— asiemt 00 

XJl> ±»tf> J. H. Strieker and W. W. WebbOttX^*^ 

Ttt, ^Mot^^W^-vu- if-3£St row-if 

— frh<0 If— A^rX/W^jti-^Colliding-Pulse Mode-1 
ocked Dye Lasert *M^B#ffiffl 5 Q 



tt*>a#j£<7>:7* h^y -e— ^t^j/B^iB^***:^ 

&Z>o fMR-T?tt, G>u— if— tr— ASrttffli"** 
SMb8rK«-C#, ffi^*/^— ou— if— -?|E»^# 

£SSr#*v^ v^R3JB-?&5o S&TcWfcT*— *8riE 

[0 0 0 9] 
[0 0 10] 

Sr^-r^WW^Wia*^. HstK^iSffi*^!/— if— 
J:0, |E^^*2«f f -*»c#JCi-5(t«ttft««f* 
a£^^4>*8r«5Ri-^ Lfc^— ^IBf»fr-C*)* r 

ft^BMc. 3t«t LTOi^— if fc x ffifBu— !f**5>03t 
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2 {fix — * t-JS C "C $J "9 & 5 #im#I3: t Srffi x. fc n b 
(c J; -o xa»T^-fk^* C ZmfeW £ fiO^jfe 

b, mi^-^frboytZMft-tZMyti'^Xb, Alt 

©flsaft-fltiEft* u^xojfcjt/fsasfiit-f s «t 5 tee 
ffi£ftz>mxttn<Di&wisb, m&mftwn<ofc&f& 

^©^rasSrSEflki-^S 2^— ?i;(5i:tfl!3ftt5 

tB-T 5 fc felcffl V" b ft 5 x- * <D u— if 
b, Z<du— jfBH*t*«>Rlt3tS:Sft*»«BWXi, 

[0011] 

mM&&^1-ft&WWlztiM&)&tiiJj<D if — M i. *) 

3 iK%m^—? ^mmm^tb ^x—£.—&.$zm-t 

5„ ^LT, IE^£ftfc^-*£S£-r5££«U SUt 
**'fk©#*«S:Rat3tw*«fSr , t>o-CiftSrRJltSK>* 

[0 0 1 2] X — ^<D|E®W!|S|-t-}i, 7th!)77^T 

•r 5 ttfE®*f » & 3 #ctc ft k l t , — £—6 

[0 0 13] #*5i©#¥ttlE«!#8:-rHU W*.tfffl* 
as$tmWB+&inW-ei&gaS500 nm CD U— If — TtSr^T 

rojgiaiwni 3 ©$6ig-rdfcCfci-r-5i:. lxlO 12 bit/cm 3 
©Kwr«*##feft5. iOI^iSiSoi/- if— JtSr 



ffl i> •> S r t v p mcoMVo u ^ X -r s r £ , 
w— if — 3fcStS(c*f LTJ: "9 < #«ftJK^aS!3ti-*SE 

[0 0 14] fE&WPI-i LTLiNbOa, BaTiOa, SBN, Bi 

12 Si0 2O * i'©-4£49fe£fiSfchJ-5 - b K£ 9 5fe»cE«t 

ir^.^^&y (RAM)*iJ;0«!J — KtV!)- ^^y— (ROM) 
b\,X<DVFm&ft1t J £ZZb&X'%Z B 7*h*V-? 

Srffifiktt-Wtfflvfcahfr^a:, y - K^"> y — ^ * V — 
(ROM) t L,X<D^mx #5o 7^-H)77^f 

5 *^IEfik^, Si "9 # t>#>X®%X'%mxfr> 

5„ */c, jt«w<sm*row— r— tb79^5o 

mWgJlTW^flt^— If— T-tia^tgT-fcSWxr, IB<» 
[0 0 1 5] 3iJC7c3t^WfBiefls^##ii*ftfc7 J -^ 

mtD&M&ft^te, mftK\z.mmimx®:itz>ftmm 

[0 0 16] *^Wro±|Efg*ttSL3t^-Ctt, 

Sr. ^W^X^io-C^^.Eii-^^ftThfE^ilsf^ 

«-Sftfc3ttt, Stf^^>XSrii!9, t*m#-hK:&»: 

i-IaB$^^TI/^<79t , , f2^WF*9}-3»:7cB^(CiE^$ 
jxtf- ^ro 5 w^Xo^^feBt-ff^-raffi 

X\ ».J^ffi^C5^-ftfcffie^&-5«Sf^'ftK>|K<7D = v 

«US**3RS:ffl v><5 r. £ (- «fc 0 , SftjcWmis 
fltSft/tT-*-^ (JBSTsPSCfll) SrlOf-^i^OT* 

tt, IE^*m fe^^ttw— if— tf-ASrtS^^^ 

[0 0 17] &Mfi.ytm%k<D7 ! — fimfrtiHsX-ti. ?EM 
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iRSrfflV>fc^^ h#y -^-WW-*5^SfE^J:0*C 

5 a iff sMMfcra lo- 3 - io- 1 ^. m x. w -cffl V ^ htl 

[0018] 

^■To rojt^«, u— if— l. »vyX3, ^r— 
;*^r— teitf ^ ^ - 1 3 Ti^;Stt5o * 

[0 0 1 9] 3tJS{-tt^— If— l §:ffl^£o l/— If— 1 
<b oft £r*M& i^yX3iao TEWffl 5 * ic^ft-T 

7^f>f^i6ftt LTLiNbOa^jflS «r/BV^6 0 LiNb0 3 ££ 
f 0 5m 7^h!i77^T>f/Mi-ioT, ft<£>3& 

iot, LiNb0 3 3i6fi5^iR*36SrAiti-Si:, ftttJiO 

o£ «9 . ffl*f *ae-fl2tt i*-— If — <DMyt&tti5:<v&X*4a C 
Clfc^ s T#5o LiNbOa jfefi5Sr, 3tt^[p](C^i&HlSg 

-^-^-^SrlBflk-TSo -ffix-^ (OSfcttl) 
SrlEflki-5^tt, 1 3 SrBB HUT, LiNb0 3 

^ H H 0 5 tcfiglt-r 5 If — ftSrfMW U *Sfirt-t?<0S#T 
^t©*il-iotf-^S:E»t5o u— if— 3fetf> 

^&/si^*:»& b y y^^T^-f^tmm^ 

— *0>IE»§:tT*5o fc*5* ±1£{-V^ ^ h y 
r^^'M^o^T^ 1 9 6 0¥M«:Ashki 
n fete J; 9#^O^StcJ:S*2ifiBW!«03g^3teaW 

fit, tmW(Ofitii*(Oi/- if— TtT^iSS^Sr 

$\ ^fc, SJ^iSS^^m s e c ^^btSc s e c T'fe^ CI 



y 77^7^ ^ttil^tt, LiNb0 3 U=633nm) N Li 
Ta0 3 U=488nm) , KNb0 3 ( X =488nm) , BaTiO 
3 (X=546nm) „ Ba D . ts S r c . 25 Nb 2 0 6 U=488nmK 
Bao. 3 9Sr 0 .4iNb 2 0 6 ( X =620nm) . Bi 12 SiO 
20 (A=510nm) , Bi 12 Ge0 20 ( X =488nm) , GaAs 
U=488nm) , CdTe ( X =488nm) ^i<*Pbnn^ 

£ G ***JB»f*«KS:*i"5IB*i LTBaTiOa, 
SBN, LiNb0 3 ^^tl/^o mb<^*SS^JB 

BaTiOaMSNB^H ««*^3S** 5 ***-* 

£v>fc&icfii^^4b^*:# < 45©lc»U LiNbo 

JS»^±«***ft^fcH:/^*v^3fl^ 

*|<45 0 ^fc, SNBlSfi^LiNbOsfi^iftSr 
K— ^-T5i:Jffi»f*3B^Sr*#<i-S-i:dS"t?#. SN 
B^B B 0 ^«Ce^LiNbO 3 |£f0^H N Fe, Mn, Rh§r 
K— 7 a -T5i:®Sf*^^^:# < fc39S*Pfe*tTV> 
6o ±IEbfc^^- h^y -r-, i^^»f7f 

TUV^fMSI fc*S-C#fcV\&S, 7tMJ77^ 

J4 N ROMCRead Only Memory) t bXCD^-ffi 5 ^ 
i:^T?#5— 7th!)77^f-f^fefiURAM 
(Read/Write memory) £ ttffl V>^> ^ t 5 Q H 
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=*V*9~ 8, ^WV^7-9, ^^X3, LiNb 
^^7^7-9^:^0^ JSL«£Srt (x-y ffiF*9) £r 

#?y dt^^ y—8 bJf;i"<y 5 7-9i:J;ott^ 
Jifc LTLiNbOsJ|g*&fflVYC^So rfttt. r<£>£§ 

* b y 7 ? ^ f J3»t 5ffl*f*«ft©*# S tt 

^W^Mb^tfe^ LtBaTi0 3 , LiNb0 3 ,&t>* 
SNB«gS* s *PbtLTV^5 0 BaTi0 3 , LiN 

bOaSl^SNBlSitCO^T^^y fc bTfc*>^a<0te 

Mi%h<Djjfa h m& Lft(OmytJj\5\ t %tkfi Lfc 0 Ba 
Ti0 3 , SNB, LiNbOa^I^SM^Tfc^ 

S*5039SJ:v\ IH3fe*lPlS:-^± 5^fei"Stx ® 

ie4l*fcfti-***^-t?*fci"-fc*"t?#a- BaTiO 
3 , SNB, LiNb0 3 0-?rtL-?*ixO*Sfi^oV^T, •# 

flB^T**^ BaTi0 3 , SNBg^m ##iZi^ 



bfrM^fCo £§oT, ^^U^BaTiO 3 ^SNB|gf 0 
«Ailc» It fe**ftftl!i«j 5 Bit J: 5 4»ia:, B 

o * (%<D A&mommjj&i ic » u-c^f 0 ) #.t>* 
o/c^ N :tibogf 0 i^ > ^y commit tt»- jc 

^ag^-Cfe6 t tD*£*£-t#-Cl^£ 0 f&*\ LiNb0 3 g 

i&ttj&S, 6 0S, 12 0^, 18 0^it(C* 

A«d5oaEt l 8 0«lc-r*fctt, z$4^7^b<DLiNb 
O a Jg*Srffiv^tfJ:v\ LiNb0 3 *£i&<£>»^K: 

rt^f 6 0Stl2 0gOi^t(Dt)fii 

^**lcttLiNbOa3^s*s:fflv^5^3a s »a^"c*)5o 

[0 0 2 1] 130^ *55W(OK*ttJb36**^>ll* 
CTSr^i-o ra>3t*S5tt. i/— if— 2, tr— .A-X^y y 
^-6, ^l/yX3, *<0i2»£nfcLiNb0 3 *§iBi 

ffiUfcEB-rSo fco^ TO:* 

Ha^^*7£^ft#tt" tlt§ r^^^^j is, vo 

1.57, No. 5 (1988), pp. 128-135. 

[0 0 2 2] K*HiLfflO*W!itt, IS^x-^SrfiK* 
L4v^J:5te, LiNb0 3 IS^bSCO^^ h y 7*7>7T^^ 

<0##5i*i:iaiSE*OU— If— Sr«V^5»&^»a, ISIS 

<t5 0 i^p^7fy, ffifi^ 7 

mfrft L»ic*#a*»t m— s*o if — §r^v>x 

[0 0 2 3] if— 2^5>OJtSr®*f^^t^^CT 
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[0 0 2 4] !R4BItC*«K07 ? — ?Wt&mL><Vi$L<Dm 

2, 3Ky=f>^7— 8 N #7w</ ^^ — 9, Mtti^X 

7 A i/ — i/yx i i N ffli/yxi 2 i-ct o 

<o**jsofi*:ffirt (x-y Brt) o*aEtt, #y=*v$ 

z W^lftlCjfeaERrtB*^^— v^l 0±(-LiNb0 3 

/w*/ ^ ^ — t o|a*-&to'ti:^ lo^y =fy^ y — 

[0 0 2 5] 



atSli^#5. If— SrJSV^S 

[Hfflo»*ftBW] 

[13 1] *«WI^«*ta^^**3i*^*llii«fr*-t- 

im3] *«w^*wa^*K*uibosaii«s:*i- 
rwbi-c*>So 

[ si 4 ] &m *t s 7 s — * R 

[«**>RW] 

1 !f— 

2 R*ffl WAV— If— 

3 Stf»v:xX 

4 3***^— 

6 hf — J\y^y" } J y — 

7 

8 XV zf^^y — 

9 #/w</^7— 

10 z $4;*^— 

11 v 

l 2 Jgffci'^'X 

1 3 v^y^ — 



